Objective: Vasculitis is a rare complication of anti-thyroid medications. There are 32 cases of antineutrophil cytoplasmic antibody (ANCA)-positive vasculitis in association with anti-thyroid medication reported in the English literature. The objectives of this study were to assess the frequency of positive ANCA in patients on long-term anti-thyroid medication, and to follow patients prospectively from commencement of medication to determine whether they became ANCA-positive after therapy. Design: Prospectively collected cross-sectional study of two groups of patients: (i) who had received long-term (>18 months) anti-thyroid medication, and (ii) newly diagnosed thyrotoxicosis before commencement of anti-thyroid medication attending clinic between 28 April 1998 and 30 September 1998. Data were collected for age, sex, ethnicity, underlying thyroid disease, medication and duration, and symptomatology. Results: Eight of 30 patients on long-term anti-thyroid medication (26.7%) were ANCA-positive. All ANCA-positive patients were female, seven were taking propylthiouracil (PTU) at the time of testing. ANCA-positive patients had taken PTU for a mean Ϯ S.D. of 7.9 Ϯ 10.2 years, compared with 0.8 Ϯ 2.2 years in ANCA-negative patients (Mann-Whitney, P < 0.0001). The ten patients with newly diagnosed thyrotoxicosis were ANCA-negative before commencement of carbimazole. One (10%) became ANCApositive within 8 months of therapy. Conclusions: In our population, ANCA-positivity in association with long-term anti-thyroid medication is common (26.7%). One patient who was ANCA-negative prior to anti-thyroid therapy has become ANCA-positive. ANCA should be tested in patients receiving long-term anti-thyroid medications, and in patients with adverse reactions. As PTU is more commonly associated with vasculitis and positive ANCA, carbimazole may be the preferred medication for long-term use. Patients with positive ANCA should be followed, and considered for definitive anti-thyroid therapy, to allow cessation of medication. ANCA-positivity may resolve after cessation of anti-thyroid medication.
Introduction
Anti-neutrophil cytoplasmic antibody (ANCA) is found in two forms -cytoplasmic (cANCA) and perinuclear (pANCA). cANCA is associated with antibodies directed against proteinase-3 (PR3), and is the form commonly seen in Wegener's granulomatosis. pANCA can be directed against a variety of antigens, and is commonly associated with antibodies directed against myeloperoxidase (MPO).
There are 32 reported cases of ANCA-positive vasculitis in the English literature in association with anti-thyroid medication (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . ANCA-positive vasculitis in association with anti-thyroid drugs was first reported in 1992 (5) . The presenting symptoms are variable and may include renal involvement (67%), arthralgia (48%), fever (37%), skin involvement (30%), respiratory tract involvement (27%), myalgia (22%), scleritis (15%) and other manifestations (18%). Underlying thyroid disease is most commonly Graves' disease, but ANCA-positive vasculitis has also been seen in association with toxic multi-nodular goitre (1) . Most cases have occurred in those patients receiving long term (>18 months) therapy with anti-thyroid medications, or with a recent commencement. Approximately 90% of cases have occurred in association with propylthiouracil (PTU). Seventy-five per cent of cases have occurred in female patients, and approximately half of reported cases have occurred in Japanese patients. There are few data for the frequency of positive ANCA in patients taking anti-thyroid medications. For patients in both groups, data were obtained about sex, ethnicity, age, anti-thyroid medication, duration of therapy and underlying thyroid disease. Manifestations of possible adverse effects of anti-thyroid medications were noted. ANCA was repeated 4-6 months after any change in therapy.
ANCA was performed by direct immunofluorescence with human neutrophils. The pattern of staining was classified as cANCA or pANCA, and cANCA-positive specimens were further tested for antibody to PR3 by enzyme immunoassay (PR3-ANCA, Euro-Diagnostica AB, Ideon SE-205 12, Malmo, Sweden). pANCApositive specimens were tested for antibody specificity against myeloperoxidase (MPO) by enzyme immunoassay (MPO-ANCA, Euro-Diagnostica AB, Ideon SE-205 12, Malmo, Sweden). Means are stated Ϯ 2 S.D. Duration of therapy was not normally distributed, and was tested as a non-parametric variable. Statistical analysis was performed with SPSS.
Results
Patient characteristics are shown in Table 1 .
Eight of ten (80%) newly diagnosed patients were female, and 28 of 30 (93.3%) patients on long-term therapy tested were female. Seventy per cent of the newly diagnosed patients were of Asian ethnic origin, and 10% of the long-term therapy group. Mean age did not differ significantly between the groups.
None of the ten patients with newly diagnosed thyrotoxicosis were ANCA-positive (0%) prior to therapy. All were commenced on carbimazole therapy. One
J E Gunton and others

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2000) 142
www.eje.org patient (10%) became ANCA-positive after 8 months of therapy (patient 9 in Table 2 ). Nine patients remain ANCA-negative after Ն6 months of therapy.
Positive ANCA was found in 8 of 30 patients receiving long-term anti-thyroid medication (Table 2) . Mean age of ANCA-positive patients was not significantly different from ANCA-negative patients (56.6 Ϯ 31.4 versus 55.1 Ϯ 30.9 years). All ANCA-positive patients were female, so sex distribution was not tested for significance. Twenty of the 22 (90.9%) ANCA-negative patients were Caucasian, and the remainder were Asian (9.1%). Of the eight ANCA-positive patients, seven (87.5%) were Caucasian, and one was Asian. Five ANCA-positive patients had underlying Graves' disease (62.5%), and three (37.5%) had toxic multi-nodular goitre as the underlying cause of thyrotoxicosis, compared with 63% and 37% for the ANCA-negative patients.
pANCA was present in seven of eight ANCA-positive patients, and cANCA-positive in two of eight. One patient was positive for both cANCA and pANCA. Of the pANCA-positive patients, six were MPO-positive. Of the two cANCA-positive patients, one was strongly PR3-positive, and one equivocally positive.
Seven of eight patients with positive ANCA were receiving PTU at the time of testing (for a mean duration of 7.9 Ϯ 10.2 years). Three of these seven also had past exposure to carbimazole. One ANCA-positive patient had received only carbimazole. Of the ANCAnegative patients, 59% had received carbimazole alone, 23% PTU alone, and 18% both medications. Patients with positive ANCA received anti-thyroid medications for a mean duration of 8.8 Ϯ 9.0 years (median 6.5 years), compared with a mean duration of 2.8 Ϯ 4.0 years (median 2.5) in the ANCAnegative patients (Mann-Whitney, P ¼ 0.002). The mean duration of PTU therapy was 7.9 Ϯ 10.2 years (median 6.0) in ANCA-positive patients, compared with 0.8 Ϯ 2.2 years (median 0.5) in the ANCA negative patients (P < 0.0001). The mean duration of carbimazole therapy was 0.9 Ϯ 2.6 years (median 0.5) in the ANCA-positive patients, compared with 2.0 Ϯ 4.0 years (median 2.0) in the ANCA-negative patients (P ¼ 0.11).
Four ANCA-positive patients had symptoms which may have been due to anti-thyroid medication. Three patients (Table 2 , patients 1, 2 and 3) had arthralgia and myalgia, with symptoms commencing 4.5, 3.75 and 2 years respectively after commencing PTU. At the time of testing, the symptoms had been present for 6, 9 and 22 months respectively. Symptoms resolved with cessation of anti-thyroid medication in all of these patients. Patient 4 had a past history of purpuric rash which settled despite continued therapy.
Five of the eight ANCA-positive patients have become ANCA-negative by 6 months after cessation of medication (patients 2, 3, 5, 6 and 8).
One patient with a negative ANCA during the study period had previously tested positive. This was a pANCA at a titre of 1:160, MPO-positive at 24 (<10 units), and PR3 negative (<10 units). She was a 44-year-old woman with Graves' disease who received PTU for 18 months. As a result of the positive ANCA, therapy was switched to carbimazole. Four months after this change in therapy, ANCA was negative.
Discussion
ANCA-positive vasculitis in association with antithyroid drugs was first reported in 1992 (5). To our knowledge, 32 cases have been reported in the English literature (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The majority of cases (88%) have occurred in association with PTU. However, the vasculitis has also been seen with carbimazole (4). ANCA-positive vasculitis has been seen in association with other medication, including hydralazine (11, 12) , sulphasalazine (13, 14) and minocycline (15) .
The pathogenesis is not clearly understood. PTU has been shown to accumulate within neutrophils (16) and bind myeloperoxidase (17) . The binding alters the configuration of myeloperoxidase (17) , and may promote formation of autoantibodies in susceptible people. In cats, treatment with PTU has been shown to induce ANCA, and a diet high in taurine appears to prevent this (18) . There are no data with regard to whether carbimazole can alter the configuration of myeloperoxidase. A highly significant association between duration of therapy with PTU and positive ANCA was found (P < 0.0001), but there was no significant association with duration of carbimazole therapy.
ANCA-positive vasculitis may be more common in patients of Asian ethnic origin, with half of the cases reported English literature from Japan, and further cases in the Japanese literature. The high proportion of the newly diagnosed patients from an Asian ethnic background may have provided a bias towards development of positive ANCA in this study.
Among our population of patients on long-term anti-thyroid medication, positive ANCA is common (26.7%). Seven of the eight ANCA-positive long-term medication patients have ceased anti-thyroid medications. The eighth ceased medication but had a relapse of Graves' disease during pregnancy, and was treated with carbimazole. The pregnancy was otherwise uneventful and she was delivered of a normal infant at 37 weeks gestation. Five of eight ANCA-positive patients have become ANCA-negative since ceasing medication.
Negative results before commencement of therapy in ten patients make it less likely that ANCA is caused by underlying thyroid disease, or by cross-reactivity with other thyroid antibodies.
The fulminant form of ANCA-positive vasculitis in association with anti-thyroid medication is rare. However, positive ANCA may be related to or be a marker of adverse reactions to anti-thyroid medications.
